Genus Flexivirga in the family Dermacoccaceae was proposed by Anzai et al. (2011) . The genus contains only one species, Flexivirga alba, at the time of writing. F. alba has Gramstaining-positive and coccoid-shaped cells. The major fatty acid is iso-C 16 : 0 . The peptidoglycan of F. alba contains glutamic acid, serine, alanine, glycine and lysine. The whole-cell sugars comprise ribose, glucose, galactose, rhamnose and mannose. The predominant menaquinone is ). The polar lipids are diphosphatidylglycerol (DPG) and phosphatidylinositol (PI) (Kim et al., 2013b) . The DNA G+C content is 67.4 mol% (Anzai et al., 2011) .
Strain TBS-100
T was isolated from the faeces of a crested ibis, Nipponia nippon, which was bred in Seoul Grand Park zoo. Nevertheless, the crested ibis has thrived in northeast Asia. The number of crested ibis rapidly declined during the late 19th century to early mid-20th century, and these birds were listed as an endangered species (Li et al., 2009) . Thus, at present, only a few populations are preserved in the wild and in zoos in Korea, China and Japan. Although restoration programmes have been introduced in several countries, recovery of the crested ibis population has encountered difficulties because of several problems, such as low genetic diversity of the population caused by the bottleneck effect (Zhang et al., 2004) . This low genetic diversity could increase susceptibility for infectious diseases. According to previous studies, the recovered crested ibis population was vulnerable to Escherichia coli septicemia due to its low level of divergence of major histocompatibility complex alleles (Xi et al., 2007; Zhang et al., 2006) . For this reason, multilateral and continuous pathogen monitoring for the crested ibis is needed for effective species recovery. While investigating gut microbiota of a crested ibis for detection of pathogenic E. coli and other potential pathogens, we isolated a novel Flexivirga-like strain, designated strain TBS-100 T . This paper describes the taxonomic characterization of this novel bacterial isolate based on a polyphasic analysis, which suggests that the isolate represents a novel species.
Faeces of crested ibis were collected from the Seoul Grand Park zoo, Korea. The sample was diluted (10 -1 , 10 -2 , 10 -3 -fold) with PBS. The diluted samples were inoculated onto reasoner's 2A (R2A) agar (Difco) and incubated for 2 days at 30 C under aerobic conditions. Single colonies were subcultured more than three times to obtain pure culture. The purified culture was preserved at À80 C as a suspension in R2A broth (MBCell) containing 40 % (v/v) glycerol.
A phylogenetic analysis was carried out based on 16S rRNA gene sequences. The 16S rRNA gene of the isolate was amplified with the colony PCR method, following the conditions of Kim et al. (2013a) with a PCR premix (iNtRON Biotechnology) and two universal bacterial primers, 27F (5¢AGAGTTTGATCMTGGCTCAG-3¢) and 1492R (5¢-GG-YTACCTTGTTACGACTT-3¢) (Lane, 1991) . The reaction mixtures were analysed using an automated system (PRISM 3730xl DNA analyser, Applied Biosystems), and the sequenced fragments were assembled with SeqMan 5.0 (DNASTAR). A near-full-length sequence of the 16S rRNA gene of strain TBS-100
T was compared with those of bacterial strains using the EzTaxon-e database (Kim et al., 2012) . The 16S rRNA gene sequence comparison revealed that species closely related to strain TBS-100 T were F. alba (97.11 % similarity) and Rudaeicoccus suwonensis (96.45 % similarity). The 16S rRNA gene sequences of strain TBS-100 T and all known species affiliated with the family Dermacoccaceae including those of the genera Flexivirga and Rudaeicoccus were aligned for phylogenetic tree reconstruction. Phylogenetic trees were reconstructed with neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) algorithms with 1000 bootstrap replications using the MEGA 6.0 software package (Tamura et al., 2013) . The phylogenetic tree showed that strain TBS-100 T formed a cluster with F. alba, and the cluster formed a clade with Rudaeicoccus suwonensis (Fig. 1) . F. alba and Rudaeicoccus suwonensis were selected as reference species, based on phylogenetic association with the isolate, for further polyphasic analyses. The type strain of F. alba, DSM 24460 T (=ST13 T ) and Rudaeicoccus suwonensis, DSM 19560 T (=HOR6-4 T ) were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ).
To determine optimal temperature, salinity and pH conditions for growth and the growth range of the novel strain, growth condition tests were carried out under different conditions using R2A broth. A temperature growth condition test was conducted at various temperatures (4, 10, 15, 20, 25, 30, 37, 45, 55 and 65 C) . In sequence, salinity tolerance was tested at different NaCl concentrations (0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 10 and 12 %, w/v) under the optimum temperature conditions. Lastly, a pH growth condition test was performed at various pH values (pH 4.0-10.0, at intervals of 1.0 pH unit) under optimal temperature and salinity conditions. The pH of each medium was adjusted using 6 M HCl or 1 M NaOH with 10 mM MES (for pH 4-6), with 10 mM TAPS (for pH 7-9) or with 10 mM Na 2 HPO 4 (for pH 10). The turbidity of each culture at OD 600 was measured by using a spectrophotometer (SYNERGY MX, BioTek) after 24 h, 48 h and 7 days of incubation, according to the method of Hyun et al. (2015) to estimate growth rate in each test. The growth of strain TBS-100
T was observed at 10-37 C, 0-8 % NaCl (w/v), pH 5-9. The optimal growth conditions were 30 C, 0 % NaCl and pH 7. Anaerobic growth was tested in a mixed gas (N 2 : H 2 : CO 2 ; 90 : 5 : 5, by vol.) charged anaerobic chamber (Sheldon Manufacturing) for 7 days at 30 C on R2A agar medium. Strain TBS-100
T did not grow undeer anaerobic conditions; likewise the reference species.
Cell morphology, colony appearance, Gram staining and cell motility were identified using cells of strain TBS-100 T after growth on R2A under the optimal growth conditions for 48 h. The cells of the isolate were stained with a Gram-staining kit (bioM erieux) and observed with a light microscope (ECLIPSE 50i, Nikon). The motility test was conducted with a semisolid nutrient agar (with 0.4 % agar) (Tittsler & Sandholzer, 1936) for 7 days. The cells of strain TBS-100
T were Gram-staining-positive, non-motile and coccus-shaped (0.9-1.1 µm in diameter). The colonies were circular and a vivid yellow.
To identify the biochemical characteristics of strain TBS-100 T , carbohydrate fermentation, utilization of various carbon sources and enzyme activities were tested. The catalase activity and oxidase activity were identified by bubble production in 3 % (v/v) hydrogen peroxide and 1 % (w/v) tetramethyl-p-phenylenediamine (bioM erieux), respectively. Strain TBS-100 T was catalase-positive and oxidase-negative. API ZYM (bioM erieux), API 50CHB (bioM erieux) and API 20NE (bioM erieux) test strips and GP2 MicroPlates (Biolog) were used to assess enzyme activity, acid production and sole carbon source utilization, respectively, according to the manufacturers' instructions. Only strain TBS-100 T could utilize maltose, maltotriose, trehalose and adenosine (Biolog) and produce acid from maltose, starch and glycogen (API 50CHB) and had positive activity for a-chymotrypsin (API ZYM). These biochemical characteristics distinguished the novel strain from reference species. In Table 1 , more detail biochemical characteristics of strain TBS-100
T and the reference species are described.
The cellular fatty acids, polar lipids, isoprenoid quinones and peptidoglycan of strain TBS-100 T and the reference strains were extracted using cell biomass incubated for 48 h under optimal growth conditions for chemotaxonomic analysis. The cellular fatty acids of the novelisolate, F. alba DSM 24460 T and Rudaeicoccus suwonensis DSM 19560 T were extracted using the protocol of the Sherlock Microbial Identification System (MIDI, 1999) and identified using the Microbial Identification software package (Sherlock version 6.0B) based on the TSBA6 library (Sasser, 1990) . The major cellular fatty acids (>10 %) of strain TBS-100 T were anteiso-C 17 : 0 and iso-C 17 : 0 . The complete fatty acid profiles of the isolate and the reference species are presented in Table 2 . The polar lipids of strain TBS-100 T were extracted according to the method of Xin et al. (2000) . Two-dimensional TLC on silica gel 60 F 254 plates (Merck) was used to separate the extracted polar lipids. The first dimension (from left to right) solvent was chloroform/methanol/water (65 : 25 : 4, by vol.), and the second dimension (from bottom to top) solvent was chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). To identify the polar lipids, 10 % ethanolic molybdatophosphoric acid reagent (for total lipids), ninhydrin reagent (for amino-containing lipids) and Zinzadze reagent (for phospholipids) (Tindall, 1990) were sprayed on the TLC plates. Particularly for the identification of phospholipids, a onedimensional silica-gel TLC was additionally performed with chloroform/methanol/acetic acid/water (50 : 6 : 6 : 1, by vol.) solvent, and the phospholipids of strain TBS-100 T were measured against five standard compounds (Sigma), phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, DPG and PI. The polar lipids contained DPG, PI, seven unidentified lipids and an unidentified phospholipid (Fig. S1 , available in the online Supplementary Material).
The isoprenoid quinones were extracted with the method of Collins & Jones (1981) , and the quinone solution was centrifuged at 5000 g, 10 min to settle and remove impurities. The supernatant compounds were identified by HPLC with a Phenomenex C18 LC (150Â4.6 mm) column. Strain TBS-100 T possessed MK-8 (H 4 ) (70.2 %) and MK-8 (H 6 ) (29.7 %) as predominant menaquinones. The whole-cell sugar extraction was performed according to method of Schleifer & Kandler (1972) . Whole-cell sugars of strain TBS-100 T and standard sugars (ribose, galactose, glucose, mannose, arabinose, xylose and rhamnose), as described by Schön & Groth (2006) , were spotted on a cellulose TLC plate (Merck) and developed twice in ethyl acetate/pyridine/water (100 : 35 : 25, by vol.). Aniline-phthalate spray reagent was sprayed onto the TLC plate to identify sugars. Cell-wall peptidoglycan amino acids were extracted and purified by the method of Bousfield et al. (1985) . The extract of strain TBS-100
T was compared with standard compounds (alanine, lysine, glycine, glutamic acid, aspartic acid, threonine, ornithine, LL-diaminopimelic acid and 2,4-diaminobutyric acid) (Sigma Aldrich) and diagnosed by cellulose TLC with methanol/ H 2 O/6 M HCl/pyridine (80 : 26 : 4 : 10, by vol.). Strain TBS-100 T included ribose, glucose, galactose, rhamnose and mannose as whole-cell sugars and alanine, lysine, glutamic acid, glycine and aspartic acid as peptidoglycan amino acids. The composition of whole cell sugars of TBS-100
T was identical to that of F. alba DSM 24460 T . The composition of peptidoglycan amino acids of strain TBS-100 T was similar but not identical to that of F. alba DSM 24460 T . Strain TBS-100 T contained aspartic acid instead of serine, which was detected in F. alba DSM 24460 T . Aspartic acid is contained in several genera of the family Dermacoccaceae such as Calidifontibacter (Ruckmani et al., 2011) , Luteipulveratus (Ara et al., 2010) and Yimella (Tang et al., 2010) .
As described by Rochelle et al. (1992) , the genomic DNA of strain TBS-100 T was extracted. The DNA G+C content was estimated with the fluorimetric method (Gonzalez & SaizJimenez, 2002) with SYBR Gold I (Invitrogen) and a CFX96 Real-time PCR Detection System (Bio-Rad). As calibration references, the genomic DNAs of Bacteroides thetaiotaomicron JCM 5827 T (42.9 mol%), Ruegeria pomeroyi DSM 15171 T (64.1 mol%), Bacteroides fragilis JCM 11019 T (43.1 mol%), E. coli K-12 (50.8 mol%), Leuconostoc mesenteroides subsp. mesenteroides ATCC 8293 T (37.7 mol%) and Streptococcus parasanguinis DSM 6778 T (41.7 mol%) were used. The DNA G +C content of strain TBS-100 T was 64.8 mol%. DNA-DNA hybridization (DDH) was performed with a genome-proving microarray (Bae & Park, 2006; Bae et al., 2005; Chang et al., 2008) to estimate the genetic similarity among strain TBS-100 T , F. alba DSM 24460 T and Rudaeicoccus suwonensis DSM 19560 T . The DDH value was computed from the signal-tonoise ratio of the genomic probes (Loy et al., 2005) . The hybridization value between strain TBS-100 T and F. alba DSM 24460 T was 30.8±4.3 % (33.7±4.6 % in reciprocal), and between strain TBS-100 T and Rudaeicoccus suwonensis DSM 19560 T was 20.6±1.1 % (22.9±5.8 % in reciprocal). In addition, strain TBS-100 T had higher genetic similarity with F. alba DSM 24460
T than with Rudaeicoccus suwonensis DSM 19560 T , in line with 16S rRNA gene sequence similarity. The DDH values were below the species classification threshold of 70 %, indicating that the isolate is a novel genomic species (Wayne et al., 1987) .
The phylogenetic, phenotypic and genotypic analyses suggested that strain TBS-100 T represents a novel species of the genus Flexivirga, for which the name Flexivirga lutea sp. nov. is proposed. T . Data for sole carbon source metabolism, acid production from carbohydrates and enzyme activity were obtained using Biolog GP2 MicroPlates, API 50CHB, API 20NE and API ZYM test strips, respectively. All of the data were obtained from the current study. The description is based on that given by Anzai et al. (2011) and Kim et al. (2013b) , with the following amendments about polar lipids and cellular fatty acids. Genus Flexivirga has DPG and PI as polar lipids, and anteiso-C 17 : 0 and iso-C 17 : 0 as cellular fatty acids. Aspartic acid can be contained as a component of whole-cell sugars.
Description of Flexivirga lutea sp. nov.
Flexivirga lutea (lu¢te.a. L. fem. adj. lutea yellow-coloured).
The cells are obligately aerobic, Gram-staining-positive, non-motile and coccus-shaped (diameter 0.9-1.1 µm). The colonies are circular and a vivid yellow on R2A medium after 48 h at 30 C. Growth occurs at temperatures between 10 C and 37 C and at pH 5-9 and in the presence of 0-8 % (w/v) NaCl. The optimal growth conditions are a pH of 7 The type strain is TBS-100 T (=KCTC 39625 T =JCM 31200 T ), isolated from the faeces of a crested ibis, Nipponia nippon. The DNA G+C content of the type strain is 64.8 mol%. T . All data were obtained from the current study. The fatty acids that comprised <0.5 % of the total were omitted for all species. TR, Trace (<0.5 %); -, not detected. *Summed features were used when two or three fatty acids could not be separated using the Microbial Identification System. Summed feature 3 comprised C 16 : 1 !7c or C 16 : 1 !6c; summed feature 6 comprised C 19 : 1 !11c or C 19 : 1 !9c; summed features 8 comprised C 18 : 1 !7c and/or C 18 : 1 !6c; and summed feature 9 comprised C 16 : 0 10-methyl and/or iso-C 17 : 1 !9c.
